The machinability of a metallic alloy is related to a large number of parameters. The degree of machinability is one of the most important considerations to be taken into account in a machining process. However, there is no general consent about the establishment of a machinability criterion for a specific machining process of an alloy. In this paper, the machinability of AA2024 aluminium alloy has been analyzed according to two traditional criteria: surface finish and chip arrangement.
literature about relations between both. Moreover, these criteria do not appear extensively in relation to the aforementioned parameters.
The primary aim of this paper is to cover the deficiencies noted in the literature. These deficiencies relate not only to the machinability criteria but also to the presence of systematized studies about the machinability of aluminium alloys. The present work reports on data about the machinability of AA2024-T351 aluminium alloy from the two above mentioned viewpoints in an horizontal turning process. The relations between different cutting parameters have also been analyzed.
EXPERIMENTAL
The samples used in our experiments were cylindrical bars of AA2024 (Al-Cu) in the T-351 temper state, with lengths in the 300 to 400 mm range and diameters in the 60 to 90 mm range. Its composition in weight percent is given in Table 1 . This alloy has a preferential application in the aeronautical industry and this study is included in a common project between our research group and Construcciones Aeronauticas S.A. Prior to carrying out the tests, the workpieces were rough dressed in order to remove the film derived from the previous manufacturing processes, like the natural one formed by their exposure to the air. A further surface finishing process is recommended in order to avoid chatter of the workpiece /4-6/.
The tests were performed on a horizontal lathe, EmcoTurn 242 TC model, equipped with a Numerical Control Emcotronic TM02 with a 2Ά axis. The NC allowed to fix the cutting depth, d, and to control cutting speed, v, and feed, f. The turning processes were achieved using a depth of 2 mm. Table 2 includes the values chosen for ν and f.
The tools employed were ISO KCMW 11T3 08 FN M-SECO turning inserts. In order to avoid the built-up edge (B.U.E.) effects, a new tool was used in each test and, moreover, each machining test was performed for a period of ten seconds only /7,8/. On the other hand, the short-run tests permit edge maintenance during the turning test 191. Notwithstanding, the experiments were carried out without lubrication in order to maximize the aggressive conditions. Cutting force measurements were made by using a KISTLER-9121 three-component However, the quality of finish, evaluated from the roughness parameter Ra, can be related to the machining parameters. Effectively, as Figures 7 and 8 show, a correlation can be established between quality of finish and the work machining parameters, ν and f, respectively.
Looking at Figure 7 , the proof of R« with cutting speed can be observed for cutting speeds higher than 70 m.min 1 in the same form as noticed for F c , Figure 4 On the other hand, the curves plotted in Figure 8 show a similar evolution of R, with feed for the different cutting speeds applied, although, in concordance with Figure 7 , the progressive increase of R« with feed is lower when cutting speed increases in agreement with /2,26/.
If we assume R. as a parameter indicative of quality of finish, the worst qualities are obtained when machining at high feed values, while lower feed values allow the obtaining of good and even excellent qualities of surface finish.
Short chip lengths have been related to poor machinability by Ernst /28/. In this sense, an agreement seems to exist between both machinability criteria when feed is 0.3 mm/rev, as can be observed by comparing Figures 6 and 7 . However, this agreement is not maintained when other feed values are considered. Effectively, large chips are formed when machining at high speed with the lowest feed values. A poor degree of machinability is associated with these chip sizes. However, the same conditions produce good or excellent qualities of finish. Therefore, the incompatibility between both criteria must be considered, at least in the studied range of cutting speeds and feed.
The incongruities derived from the relation between chip lengths and qualities of surface finish can be related to the degree of plasticity of the chip material. Effectively, long chips can roll on the tool, obstructing a good cutting process. Therefore, when a long chip is formed, the quality of finish depends on its arrangement on the tool. If the chip is removed from the tool successfully, a good quality is obtained. If the chip interferes with the cutting process even for only a few seconds, the expected quality of finish is altered. In fact, some authors arrange the machinability ranking in an inverse order /18/.
CONCLUSIONS
Usually the degree of machinability is related to either chip arrangement or surface finish.
Relations have even been established between the two for several materials. Our results show discrepancies with these theories, at least in the case of turning processes of Al-Cu alloys. The observed disagreement has been related to the chip arrangement on the tool, especially when long chips are produced. Only one of these criteria has been assumed as a valid criterion in order to evaluate the degree of the machinability of the work alloy. In our case, the quality of finish has been chosen as the indicative parameter of machinability for the following reasons: first, the intuitive relation established between this concept and a good manufacturing process, and secondly, the fact that this makes relations with other machining parameters available in order to optimize the cutting process and, in certain cases, to choose the adequate cutting parameters to obtain the best degree of machining. Regarding roughness parameters, an asymptotic behaviour has been observed when studying R* as a function of cutting speed. This behaviour is more pronounced as the feed increases.
In terms of quality of finish, the best results are obtained for the lowest feeds and the highest speeds.
From the viewpoint of consumed energy, our results aim at a low consumed power, i.e., a machining process with a low energy cost. The latter can only be considered in relative terms. Effectively, the small feeds involve longer manufacturing times. This may result in a high energy cost in absolute terms. Therefore, the applicability of the results of this study is conditioned by the specific machining process to be achieved, although, on the other hand, feeds exceeding 0.2 mm/rev must be viewed as dangerous in the speed range considered.
On the other hand, relations between cutting forces and machining parameters can be established, depending on the parameter range considered. These relations may be in agreement with the general expressions proposed by other authors: the cutting force components show a potential behaviour with f. Furthermore, some of these relations can be compared with those corresponding to R«. In this sense, relations between the principal component of the cutting force and the quality of finish can be established. For each feed applied, our results show a similar behaviour of both F c and R, when cutting speed is increased. These results may be a first indication of quality of finish and, therefore, of machinability.
